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(54) METHOD OF MANUFACTURING RARE-EARTH ELEMENT PERMANENT MAGNET 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method by which a rare- 
earth element permanent magnet, that is superior in both coercive 
force and residual magnetic flux density can be manufactured. 
SOLUTION: After a mixture of alloy X powder, composed mainly of 
R12T14B (where R1, T, and B respectively denote one or more 
kinds of rare earth elements including Y (Dy is indispensable), one or 
more kinds of transition metal elements, and boron) and alloy Y 
powder, composed mainly of R2T (where R2 and T respectively 
denote one or more kinds of heavy rare-earth elements and one or 
more kinds of transition metal elements) is obtained, the mixed 
powder is sintered. The magnetic characteristics of the rare-earth 
permanent magnet can be improved, by adjusting the Dy ratio which 
is the ratio of the content of the heavy rare-earth elements in the 
alloy X powder to that of the heavy rare-earth elements in the 
sintered magnet composition to be 0.38-0.99 and R ratio, which is 
the ratio of the content of the rare-earth elements in the alloy X 
powder to that of the rare-earth elements, in the sintered magnet 
composition to be 0.94-1.03. 
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Epitome 



(57) [Abstract] 

[Technical problem] The manufacture approach of a rare earth permanent 
magnet that both coercive force and a residual magnetic flux density 
were excellent is offered. 

[Means for Solution] R12T14B (one sort or two sorts or more (Dy is 
indispensable) containing R12T 14 B'R1=Y of rare earth elements) After 
obtaining the mixed powder of X alloy powder which makes a subject one 
sort of T= transition-metals element or two sorts or more, and B= boron, 



and the Y alloy powder which makes a subject R2T (one sort of an R2 
T:R2= heavy-rare-earth element or two sorts or more, one sort of T= 
transition-metals element, or two sorts or more), the mixed powder is 
sintered. The rare earth permanent magnet which has high magnetic 
properties can be obtained by setting to 0.94-1.03 R ratio which is a 
ratio of the content of rare earth elements [ in / for Dy ratio which is 
a ratio of the content of the heavy-rare-earth element in X alloy powder, 
and the content of the heavy-rare-earth element in the magnet 
presentation after sintering / 0.38 to 0.99, and X alloy powder ], and 
the content of the rare earth elements in the magnet presentation after 
sintering. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The manufacture approach of the rare-earth permanent magnet 
characterized by for R ratios which Dy ratios which are ratios of the 
content of the heavy-rare-earth element in said X alloy powder and the 
content of the heavy-rare-earth element in the magnet presentation after 
sintering are 0. 38-0. 99 in the manufacture approach of the rare-earth 
permanent magnet characterized by to provide the following, and are 
ratios of the content of the rare earth elements in said X alloy powder 
and the content of the rare earth elements in the magnet presentation 
after sintering to be 0.94-1.03 X alloy powder which makes a subject 
R12T14B (one sort of the rare earth elements containing R12T 14 B:R1=Y 
or two sorts or more (Dy is indispensable), one sort of T= transition- 
metals element or two sorts or more, B= boron) The process which obtains 
mixed powder with the Y alloy powder which makes a subject R2T (one sort 
of an R2 T*R2- heavy-rare-earth element or two sorts or more, one sort 
of T= transition-metals element, or two sorts or more) The process which 
sinters said mixed powder 

[Claim 2] The manufacture approach of the rare earth permanent magnet 
according to claim 1 characterized by R ratios which Dy ratios which are 
ratios of the content of the heavy-rare-earth element in said X alloy 
powder and the content of the heavy-rare-earth element in the magnet 
presentation after sintering are 0. 6-0. 8, and are ratios of the content 
of the rare earth elements in said X alloy powder and the content of the 
rare earth elements in the magnet presentation after sintering being 
0. 94-0. 99. 

[Claim 3] The manufacture approach of the rare earth permanent magnet 
according to claim 1 or 2 characterized by including further M 
(M=aluminum, one sort or two sorts or more among Cu, Sn, Ga, Bi, and In) 
as said Y alloy powder. 

[Claim 4] the magnet presentation after sintering — Dy — 1 - 13wt% — 
the manufacture approach of the rare earth permanent magnet according to 



claim 1 to 3 characterized by containing. 

[Claim 5] The manufacture approach of the rare earth permanent magnet 
according to claim 1 to 4 characterized by the residual magnetic flux 
density of the magnet presentation after sintering being more than 1. 22T. 
[Claim 6] The manufacture approach of the rare earth permanent magnet 
according to claim 1 to 5 characterized by for the residual magnetic 
flux density of the magnet presentation after sintering being more than 
1. 22T, and coercive force being 1900 or more kA/m. 

[Claim 7] The manufacture approach of the rare earth permanent magnet 
characterized by R ratios which are ratios of the content of the rare 
earth elements in said X alloy powder and the content of the rare earth 
elements in the magnet presentation after sintering being 0.94-0.99 in 
the manufacture approach of the rare earth permanent magnet 
characterized by providing the following X alloy powder which makes a 
subject R12T14B (one sort of the rare earth elements containing R12T 14 
B:R1=Y or two sorts or more (Dy is indispensable), one sort of T= 
transition-metals element or two sorts or more, B= boron) The process 
which obtains mixed powder with the Y alloy powder which makes a subject 
R2T (one sort of an R2 T'R2= heavy-rare-earth element or two sorts or 
more, one sort of T= transition-metals element, or two sorts or more) 
The process which sinters said mixed powder 

[Claim 8] The manufacture approach of the rare earth permanent magnet 
characterized by Dy ratios which are ratios of the content of the rare 
earth elements in said X alloy powder and the content of the rare earth 
elements in the magnet presentation after sintering being 0. 65-0. 99 in 
the manufacture approach of the rare earth permanent magnet 
characterized by providing the following X alloy powder which makes a 
subject R12T14B (one sort of the rare earth elements containing R12T 14 
B:R1=Y or two sorts or more (Dy is indispensable), one sort of T= 
transition-metals element or two sorts or more, B- boron) The process 
which obtains mixed powder with the Y alloy powder which makes a subject 
R2T (one sort of an R2 T:R2= heavy-rare-earth element or two sorts or 
more, one sort of T= transition-metals element, or two sorts or more) 
The process which sinters said mixed powder 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture 
approach of a rare earth permanent magnet excellent in the magnetic 
properties which use rare earth elements R, the transition-metals 
element T, and boron B as a principal component. 
[0002] 

[Description of the Prior Art] Since Nd which are that the Nd-Fe-B 
system magnet is excellent in magnetic properties and a principal 
component is abundant in resource and comparatively cheap also in a rare 
earth magnet, need is growing every year. When the researches and 
developments for improving the magnetic properties of a Nd-Fe-B system 
magnet are also done energetically and it manufactures a highly 
efficient Nd-Fe-B system magnet in recent years, the alligation which 
mixes the alloy powder with which various metal fine particles differ 
from a presentation, and is sintered is in use. 
[0003] By the way, since a Nd-Fe-B system magnet has a low Curie 
temperature, it has the problem that coercive force will decline in 
connection with a temperature rise. Various attempts are made that this 
problem should be solved. For example, in JP, 5-10806, B, it has proposed 
heightening the coercive force of a Nd-Fe-B system magnet by adding 
heavy-rare-earth elements, such as Dy and Tb. However, if heavy-rare- 
earth elements, such as Dy and Tb, are added, while coercive force 
improves, the problem that a residual magnetic flux density will fall 
will arise. In JP, 6-283318, A and JP, 7-50205, A an R2T14B system 
intermetallic compound (one sort of the rare earth elements in which R 
contains Y — or two or more sorts) In the manufacture approach of the 
R-T-B system rare earth permanent magnet using the alligation which 
makes the main phase to which T makes a subject one sort of a 
transition-metals element, or two sorts or more, and R rich phase main 
truss Narai It has proposed raising a magnetic property by changing 



suitably the loadings of the R-T system alloy powder to R-T-B system 
alloy powder. However, when raising a residual magnetic flux density, 
although the approach JP, 6-283318, A and given in JP, 7-50205, A was 
effective, it had the problem that coercive force will decline. 
[0004] 

[Problem(s) to be Solved by the Invention] Moreover, in JP, 7-57913, A, it 
has proposed adding the R-T system alloy powder whose rate of area of R 
eutectic is 10% or less in 8 - 15wt% to the R-T-B system alloy powder 
whose rate of area of an R2T14B system intermetallic compound is 95% or 
more. According to the manufacture approach given in JP, 7-57913, A, high 
coercive force can be acquired, controlling the fall of a residual 
magnetic flux density. However, the manufacture approach of a rare earth 
permanent magnet of having a higher residual magnetic flux density is 
searched for. Then, both this inventions make it a technical problem to 
offer the manufacture approach of a rare earth permanent magnet that 
coercive force and a residual magnetic flux density were excellent. 
[0005] 

[Means for Solving the Problem] In the manufacture approach of a rare 
earth permanent magnet of having used alligation, this invention person 
performed various examination, in order to acquire higher magnetic 
properties. Consequently, the knowledge of the ability to raise a 
residual magnetic flux density Br from fluctuating the ratio (suitably 
henceforth ''Dy ratio'') of the content of the heavy-rare-earth element in 
R-T-B system alloy powder and the content of the heavy-rare-earth 
element in the magnet presentation after sintering was carried out. 
Moreover, the knowledge of the ability to acquire the value excellent in 
coercive force Hcj and a residual magnetic flux density Br was carried 
out as another parameter by using the ratio (suitably henceforth ''R 
ratio'') of the content of the rare earth elements in R-T-B system alloy 
powder, and the content of the rare earth elements in the magnet 
presentation after sintering. Therefore, X alloy powder with which this 
invention makes a subject R12T14B (one sort of the rare earth elements 
containing R12T 14 B:R1=Y or two sorts or more (Dy is indispensable), 
one sort of T= transition-metals element or two sorts or more, B= boron), 
The process which obtains mixed powder with the Y alloy powder which 
makes a subject R2T (one sort of an R2 T^R2= heavy-rare-earth element or 
two sorts or more, one sort of T= transition-metals element, or two 
sorts or more). In the manufacture approach of a rare earth permanent 
magnet including the process which sinters said mixed powder Dy ratios 
which are ratios of the content of the heavy-rare-earth element in said 
X alloy powder and the content of the heavy-rare-earth element in the 




magnet presentation after sintering are 0.38-0.99. And the manufacture 
approach of the rare earth permanent magnet characterized by R ratios 
which are ratios of the content of the rare earth elements in said X 
alloy powder and the content of the rare earth elements in the magnet 
presentation after sintering being 0.94-1.03 is offered. Although it is 
in the inclination whose residual magnetic flux density Br improves with 
reduction of Dy ratio, if Dy ratio becomes less than 0. 38, coercive 
force Hcj will decline. Although the high coercive force Hcj can be 
acquired if Dy ratio exceeds 0. 99, on the other hand, a residual 
magnetic flux density Br will fall. When Dy ratio is set to 0.6 to 0.8 
and R ratio is especially set to 0.94-0.99, the rare earth permanent 
magnet which has outstanding magnetic properties can be obtained, 
[0006] the manufacture approach of the rare earth permanent magnet of 
this invention — setting — Y alloy powder — an R2TM system alloy — 
carrying out — as M — the inside of aluminum, Cu, Sn, Ga, Bi, and In - 
- one sort — or two or more sorts can be chosen. It is effective when 
Ga is especially chosen as M, and raising the magnetic properties of a 
rare earth permanent magnet. Dy makes it indispensable to contain Dy in 
X alloy powder in this invention, since the anisotropy field is large 
and it is effective, when raising coercive force Hcj. especially — the 
magnet after sintering — Dy — 1 - 13wt% — the high residual magnetic 
flux density Br can be obtained by containing. According to the 
manufacture approach of the rare earth permanent magnet of this 
invention, the rare earth permanent magnet whose residual magnetic flux 
density Br is more than 1.22T can be obtained. Furthermore, this 
invention person did the knowledge of a residual magnetic flux density 
Br improving with the rise of sintering temperature. That is, according 
to the manufacture approach of the rare earth permanent magnet of this 
invention, 1900 or more kA/m and a residual magnetic flux density Br can 
obtain [ coercive force Hcj ] the rare earth permanent magnet beyond 
1. 22T by sintering in a 1050-1 130-degree C temperature requirement. 
[0007] Although it has proposed making both R ratio and Dy ratio into a 
predetermined value in the above this invention, R ratio or Dy ratio 
independent are effective. Therefore, X alloy powder with which this 
invention makes a subject R12T14B (one sort of the rare earth elements 
containing R12T 14 B-R1=Y or two sorts or more (Dy is indispensable), 
one sort of T= transition-metals element or two sorts or more, B= boron). 
The process which obtains mixed powder with the Y alloy powder which 
makes a subject R2T (one sort of an R2 T:R2= heavy-rare-earth element or 
two sorts or more, one sort of T= transition-metals element, or two 
sorts or more), In the manufacture approach of a rare earth permanent 



magnet including the process which sinters said mixed powder The 
manufacture approach of the rare earth permanent magnet characterized by 
R ratios which are ratios of the content of the rare earth elements in 
said X alloy powder and the content of the rare earth elements in the 
magnet presentation after sintering being 0.94-0.99 is offered. X alloy 
powder with which this invention makes a subject R12T14B (one sort of 
the rare earth elements containing R12T 14 B^R1=Y or two sorts or more 
(Dy is indispensable), one sort of T= transition-metals element or two 
sorts or more, B= boron) further again. The process which obtains mixed 
powder with the Y alloy powder which makes a subject R2T (one sort of an 
R2 T:R2= heavy-rare-earth element or two sorts or more, one sort of T= 
transition-metals element, or two sorts or more), In the manufacture 
approach of a rare earth permanent magnet including the process which 
sinters said mixed powder The manufacture approach of the rare earth 
permanent magnet characterized by Dy ratios which are ratios of the 
content of the rare earth elements in said X alloy powder and the 
content of the rare earth elements in the magnet presentation after 
sintering being 0.65-0.99 is offered. 
[0008] 

[Embodiment of the Invention] The gestalt of operation of this invention 
is explained below. This invention is the manufacture approach of the 
rare earth permanent magnet using the so-called alligation which mixes X 
alloy powder which makes R12T14B a subject, and the Y alloy powder which 
makes R2T a subject, the manufacture approach of the rare earth 
permanent magnet by this invention — R12T14B (one sort of the rare 
earth elements containing R12T 14 B:R1=Y — or two or more (Dy being 
indispensable) sorts) One sort of T= transition-metals element or two 
sorts or more, and X alloy powder that makes B== boron a subject, The 
process which obtains mixed powder with the Y alloy powder which makes a 
subject R2T (one sort of an R2 T'R2= heavy-rare-earth element or two 
sorts or more, one sort of T= transition-metals element, or two sorts or 
more), and the process which sinters the mixed powder are included. 
Hereafter, it explains in full detail. 

[0009] First, the metal and/or alloy used as a raw material are blended, 
and X alloy and a Y alloy are obtained by dissolving and solidifying. X 
alloy powder mainly consists of an R12T14B compound phase. Here, Rl is 
one sort of the rare earth elements (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Yb, and Lu) containing Y, or two sorts or more, and makes it 
indispensable to contain Dy. Since the anisotropy field is large, Dy is 
effective when raising coercive force Hcj. Fe, Co, and nickel which are 
used from the former as transition metals T can be used. In these, the 



point of a degree of sintering to Fe and Co are desirable, and it is 
desirable to make Fe into a subject from the point of magnetic 
properties especially. Y alloy powder uses R2 and T as a principal 
component. Here, R2 is one sort of a heavy-rare-earth element, or two 
sorts or more, and it is desirable that especially Dy is included. In 
this specification, ''R2T^' does not mean that T is R2 andlU, and means 
that it is the alloy which uses R2 and T as a principal component. 
Moreover, it means ''R2TM" TM [ which is mentioned later ] That it is the 
alloy which does not mean that M is R2, and T andl:l:l, and uses R2, and 
T and M as a principal component even if it attaches. In addition, in 
this invention, a heavy-rare-earth element means Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu, and Y. Boron B is not contained in Y alloy powder to X alloy 
powder containing boron B. Since Y alloy powder does not need to 
function as a grain boundary phase which encloses the R12T14 B phase 
used as the main phase and does not need to contain boron B in essence 
after sintering, it is for a degree of sintering to improve by not 
adding boron B to Y alloy powder. 

[0010] In this invention, although what is necessary is just to choose a 
presentation according to the purpose, in order to obtain the rare earth 
permanent magnet excellent in magnetic properties, in the magnet 
presentation after sintering, it is desirable light-rare-earth 
element • 17-37 % of the weight and heavy-rare-earth element ^ 1-13% of the 
weight to consider as a combination presentation which serves as B*0. 5 - 
4. 5 % of the weight of boron and T:51 - 74 % of the weight of 
transition-metals elements. For a heavy-rare-earth element, boron B is 
[ a light-rare-earth element / the transition-metals element T ] 60 - 
74 % of the weight 0.9 to 1.2% of the weight three to 10% of the weight 
20 to 30% of the weight more desirably. Moreover, what is necessary is 
just to make it M become 0. 1 - 0. 7 % of the weight more desirably 0. 03 
to 1% of the weight in the magnet presentation after sintering, when M 
is added and it is referred to as R2TM. As M, one sort or two sorts or 
more can be chosen from aluminum, Cu, Sn, Ga, Bi, and In. In this, 
especially a desirable thing is Ga. When Ga is chosen as M, while being 
able to obtain high coercive force HcJ and a high residual magnetic flux 
density Br, there is an inclination whose degree of sintering also 
improves. The magnetic properties of a rare earth permanent magnet have 
a very strong presentation dependency, and are difficult to acquire the 
magnetic properties which were excellent even if it applied this 
invention in the field which separated from the above-mentioned range. 
[0011] X alloy and a Y alloy are obtained for a raw material metal a 
vacuum or inert gas, and by dissolving and casting in Ar ambient 



L. 



atmosphere preferably. As a raw material metal, these alloys etc. can be 
used for pure rare earth elements or a rare earth alloy, pure iron, 
ferroboron, and a pan. The obtained ingot performs solution treatment if 
needed, when there is solidifying segregation. What is necessary is just 
to hold the condition in 700-1500-degree-C field under a vacuum or Ar 
ambient atmosphere for 1 hour or more. As an approach of obtaining the 
mixed powder of X alloy powder and Y alloy powder, there are two kinds 
of approaches greatly. After grinding the ingot of X alloy, and the 
ingot of a Y alloy independently, respectively and considering as X 
alloy powder and Y alloy powder as a primary method, there is the 
approach of mixing both. As the second approach, the ingot of X alloy 
and the ingot of a Y alloy are put into one grinder, and there is the 
approach of mixing grinding both alloys. In this specification, the 
following explanation is given as a thing using a primary method. 
[0012] There are a coarse-grinding process and a pulverizing process as 
grinding process. First, coarse grinding of the ingot of X alloy and the 
ingot of a Y alloy is carried out until it becomes about 100 micrometers 
of particle-size numbers, respectively. As for coarse grinding, it is 
desirable to carry out in an inert gas ambient atmosphere using a stamp 
mill, a jaw crasher, BURAUMMIRU, etc. In order to raise coarse-grinding 
nature, after carrying out occlusion of the hydrogen, it is effective to 
perform coarse grinding. It moves to a pulverizing process after a 
coarse-grinding process. A jet mill is mainly used, and pulverizing is 
performed until the coarse-grinding powder which is about 100 
micrometers of particle-size numbers becomes the mean particle diameter 
of 3-5 micrometers. A jet mill is the approach of opening high-pressure 
inert gas (for example, nitrogen gas) wide from a narrow nozzle, and 
being made to generate a high-speed gas stream, and accelerating the 
particle of fine particles according to the gas stream of this high 
speed, making generate the collision of the particles of fine particles, 
and the collision with a target or a vessel wall, and pulverizing. 
[0013] X alloy powder and the Y alloy powder which were pulverized in 
the pulverizing process, respectively are mixed in nitrogen-gas- 
atmosphere mind, the mixing ratio of X alloy powder and Y alloy powder - 
- a rate — a weight ratio — 90:10 to about 97:3 — then, it is good, 
the time of pulverizing — additives, such as zinc stearate, — about 
0. 01-0. 3wt% — the high fines of the amount of preferred orientation can 
be obtained by adding. Subsequently, it is filled up in the metal mold 
in which the mixed powder which consists of X alloy powder and Y alloy 
powder has been held by the electromagnet, and where orientation of the 
crystallographic axis is carried out by magnetic field impression, it 



fabricates among a magnetic field. What is necessary is just to perform 
shaping among this magnetic field by the pressure before and behind 130 
- 160Mpa all over the magnetic field of 110 - 130 kA/m. 
[0014] The Plastic solid is sintered in a vacuum or an inert gas ambient 
atmosphere after shaping among a magnetic field. What is necessary is 
just to sinter it at 1050-1130 degrees C for about 1 to 5 hours, 
although sintering temperature needs to adjust the difference between a 
presentation, the grinding approach, grain size, and particle size 
distribution etc. according to terms and conditions. Aging treatment can 
be performed to the obtained sintered compact after sintering. This 
process is an important process which controls coercive force Hcj. When 
dividing aging treatment into two steps and performing it, heat 
treatment at about 800 degrees C and about 600 degrees C is effective. 
If it carries out after sintering heat treatment at about 800 degrees C, 
since coercive force Hcj will increase, especially in alligation, it is 
effective. Moreover, since coercive force Hcj increases greatly by heat 
treatment of about 600 degrees C, when performing aging treatment in one 
step, it is good to perform about 600-degree C aging treatment. 
[0015] 

[Example] Next, a concrete example is given and this invention is 
further explained to a detail. 

(Example 1) By carrying out the RF dissolution of the raw material metal 
in Ar ambient atmosphere, X alloy and the Y alloy were adjusted and X 
alloy and the Y alloy were ground on condition that the following. The 
particle size after pulverizing is 3-5 micrometers. The obtained fines 
were mixed in nitrogen-gas-atmosphere mind, and shaping among a magnetic 
field and sintering were performed on condition that the following. 
Subsequently, two-step aging processing was performed on condition that 
the following, and sample No. 1-4 and the examples 1-4 of a comparison 
were acquired. The presentation of the compounding ratio of the 
presentation of X alloy powder and Y alloy powder, X alloy powder, and Y 
alloy powder and the magnet after sintering is as being shown in Table 1. 
In addition, ''Dy ratio'' means the ratio of the content of the heavy- 
rare-earth element in X alloy powder, and the content of the heavy-rare- 
earth element in the magnet presentation after sintering among Table 1. 
Moreover, ''R ratio'' means the ratio of the content of the rare earth 
elements in X alloy powder, and the content of the rare earth elements 
in the magnet presentation after sintering among Table 1. About sample 
No. 1-4 and the examples 1-4 of a comparison, coercive force Hcj and a 
residual magnetic flux density Br were measured with the B-H marker. The 
result is shown in Table 1. Moreover, the relation between Dy ratio of 



sample No. 1-3 and the examples 1 and 2 of a comparison and a residual 
magnetic flux density Br is shown in drawing 1 . 
Coarse grinding' BURAUMMIRU use (it carried out in nitrogen-gas- 
atmosphere mind after hydrogen absorption. ) 

Pulverizing: Jet mill use (it went in high-pressure nitrogen-gas- 
atmosphere mind. ) 

the time of grinding — additive: — zinc stearate 0. lwt% sintering 
condition: — the inside of the magnetic field of process condition: 120 
kA/m in 1, 3, the examples 1 and 3 of a 4= 1070 degree-Cx 4-hour sample 
No. 2= lUO-degree-Cx 4-hour comparison, and 2= 1070 degrees-C x 4-hour 
magnetic field of sample No. examples of 4= 1110 degree-Cx 4-hour 
comparison — the pressure of 147Mpa(s) — shaping two-step aging 
processing :850-degree-Cx 1 hour, and 540degree-Cx — 1 hour [0016] 
[Table 1] 
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[0017] If the amount of D(ies) in the magnet after sintering compares 
almost equal sample No. 2 (amount 6.207 of D(ies)) and example 1 (amount 
6. 18 of D(ies)) of a comparison as shown in Table 1, to coercive force 
Hcj showing the value with 1984 kA/m and a residual magnetic flux 
density Br as good [ both ] as 1. 227T, in the example 1 of a comparison, 
coercive force Hcj serves as 1740 kA/m, and, as for sample No. 2, the 
residual magnetic flux density Br serves as 1. 2T and a value especially 



with the low coercive force Hcj. Next, if the amount of D(ies) compares 
almost equal sample No. 3 (amount 7.030 of D(ies)) and example 2 (amount 
7.044 of D(ies)) of a comparison, to coercive force Hcj showing the 
value with 2086 kA/m and a residual magnetic flux density Br as good 
[ both ] as 1. 21T, in the example 2 of a comparison, coercive force Hcj 
will fall [ 2101 kA/m ] and, as for sample No. 3, 1. 15T and a residual 
magnetic flux density Br will fall [ a residual magnetic flux density 
Br ]. Here, Dy ratio of 0.324 and the example 2 of a comparison of Dy 
ratio of the example 1 of a comparison is 1. 022. Next, to the coercive 
force Hcj of the example 1 of a comparison being 1740 kA/m, if sample 
No. 1 (the amount 4.665 of D(ies)) is compared with the example 1 (the 
amount 6. 18 of D(ies)) of a comparison, although there are few amounts 
of D(ies) sharply sample No. 1 than the example 1 of a comparison, the 
good coercive force Hcj of 1843kA/m has been acquired. Moreover, the 
residual magnetic flux density Br of sample No. 1 has far exceeded 1. 29T 
and the residual magnetic flux density Br of the example 1 of a 
comparison to the residual magnetic flux density Br of the example 1 of 
a comparison being 1. 2T. That is, coercive force Hcj and a residual 
magnetic flux density Br with sample No. 1 [ higher than the example 1 of 
a comparison whose Dy ratio is 0. 324 ] whose Dy ratio is 0. 517 are shown. 
Therefore, Dy ratio has affected a residual magnetic flux density Br and 
coercive force Hcj, and if Dy ratio becomes out of range 
[ predetermined ], a residual magnetic flux density Br or coercive force 
Hcj can be referred to as falling. The above result showed that good 
coercive force Hcj and a good residual magnetic flux density Br could be 
obtained by setting Dy ratio to 0.38-0.99. Specifically, each sample 
No. 1-4 which has Dy ratio in the range of 0.38-0.9 has obtained the 
coercive force Hcj of 1800 or more kA/m, and the residual magnetic flux 
density Br beyond 1. 21T. 

[0018] Next, its attention is paid to the column of R ratio of Table 1. 
When the amount of D(ies) in the magnet after sintering compares almost 
equal sample No. 2 and examples 1 and 4 of a comparison and R ratio is 
0.888 (example 1 of a comparison), although the residual magnetic flux 
density Br is as good as 1. 2T, coercive force Hcj shows 1740 kA/m and a 
low value. Moreover, when R ratio is 1.051 (example 4 of a comparison), 
although coercive force Hcj shows 1930 kA/m and a high value, on the 
other hand, the residual magnetic flux density Br shows 1. 169T and a low 
value. On the other hand, when R ratio is 0.971 (sample No. 2), the 
coercive force Hcj of 1800 or more kA/m and the residual magnetic flux 
density Br beyond 1. 21T have been obtained, and it attracts attention 
that coercive force Hcj and a residual magnetic flux density Br show the 



good value. Moreover, even if it compares sample No. 4 (the amount 3. 270 
of D(ies)) whose R ratio is 0.979 with the example 3 (the amount 3.000 
of D(ies)) of a comparison whose R ratio is 1.052, the direction of 
sample No. 4 whose R ratio is 0.979 shows coercive force Hcj and a 
residual magnetic flux density Br better than the example 3 of a 
comparison whose R ratio is 1.052. Therefore, in order to obtain good 
coercive force Hcj and a good residual magnetic flux density Br, R ratio 
can also be referred to as being one parameter. The above result showed 
that good coercive force Hcj and a good residual magnetic flux density 
Br could be obtained by setting R ratio to 0.94-0.99 at 0.94-1.03, and a 
pan. moreover — although it is making for X alloy powder to contain Dy 
into indispensable requirements in this invention — as the desirable 
amount of D(ies) — the magnet presentation after sintering — Dy — 
about l-13wt% — further — about 3-10wt% — what is necessary is to 
just be contained 

[0019] (Example 2) The experiment which checks change of the magnetic 
properties accompanying fluctuation of sintering temperature and which 
went to accumulate is explained as an example 2. X alloy powder and Y 
alloy powder were adjusted on the same conditions as an example 1, and 
grinding, mixing, and shaping among a magnetic field were performed. 
After sintering the Plastic solid after shaping among a magnetic field 
at 1070 degrees C, 1090 degrees C, and 1110 degrees C for 4 hours, 
respectively, two-step aging processing was performed on the same 
conditions as an example 1, and sample No. 5-13 and the examples 5-7 of a 
comparison were acquired. The presentation of the compounding ratio of 
the presentation of X alloy powder and Y alloy powder, X alloy powder, 
and Y alloy powder and the magnet after sintering is as being shown in 
Table 2. Here, for sample No. 5-7, the Dy ratio 0. 396, the R ratio 0. 971, 
and sample No. 8-10 are [ the Dy ratio 0. 738, the R ratio 0. 974, and the 
examples 5-7 of a comparison of the Dy ratio 0.641, the R ratio 0.973, 
and sample No. 11-13 ] the Dy ratio 1.0 and the R ratio 1.0. About sample 
No. 5-13 and the examples 5-7 of a comparison, coercive force Hcj and a 
residual magnetic flux density Br were measured with the B-H marker. The 
result is shown in Table 3. Moreover, the relation between the sintering 
temperature of sample No. 5-13 and the examples 5-7 of a comparison and a 
residual magnetic flux density Br is shown in drawing 2 . The curve (a) 
shows the relation between the sintering temperature in the case of the 
Dy ratio 0.396 and the R ratio 0.971 (sample No. 5-7), and a residual 
magnetic flux density Br among drawing 2 . Similarly, as for the curve 
(b), in the case of the Dy ratio 0.641 and the R ratio 0.973 (sample 
No. 8-10), in the case of the Dy ratio 0.738 and the R ratio 0.974 



(sample No. 11-13), the curve (d) shows the relation between the 
sintering temperature in the case of the Dy ratio 1. 0 and the R ratio 
1.0 (examples 5-7 of a comparison), and a residual magnetic flux density 
Br, as for the curve (c). 
[0020] 
[Table 2] . 



No. 






Nd 


Dy 


Fe 


Co 


Cu 


Al 


Sn 


B 


Dyfct 








90:10 


28.35 
25,515 


2.46 
39.93 
8.207 


67.87 
52.71 
66.354 


4.97 
0.497 


0.78 
D.078 


0.21 
0.39 
0.228 


1.22 
0.122 


1.11 
0.999 


0.386 


0.871 


a-vio 




95:5 


26.99 
25.641 


3.94 
48.05 
6.146 


67.83 
38.04 
66.338 


9.59 
0.480 


1.47 
0.074 


0.2 
0.42 
0.211 


2.43 
0.122 


1.04 
0.988 


0.641 


0.973 




Xd# 
Y^* 


97:3 


26.4 
25.608 


4.52 
58.05 
8.126 


67.87 
19.31 
66.413 


15.79 
0.474 


2.58 
0.077 


0.19 
0.43 
0.197 


334 
0.115 


1.02 
0 

0.989 


0.738 


0.974 


5^7 


X n m, 
Y^^ 


100:0 


25.49 

25.49 


6.28 

6.2S 


66.35 
66.35 


0.49 
0.49 


0.08 
0.08 


0.18 
0.18 


0.13 
0^13 


1 
1 


1.000 


1.000 



[0021] 
[Table 3] 



L 



No. 


Oyit 




Hq) 
CkA/m) 


Br(T) 




5 


0.396 


0.971 


2062 


1.147 


1070 


6 


2013 


1.203 


1090 


7 


1984 


1.227 


1110 


8 


0.641 


0.973 


2017 




1070 


9 


1995 


1.239 


1090 


10 


1973 


1.239 


1110 


11 


0,738 


0.974 


2061 


1.233 


1070 


12 


2039 


1.234 


1090 


13 


1987 


1.242 


1110 




1.000 


1.000 


2090 


1.203 


1070 




2069 


1.213 


1090 




1998 


1.216 


1110 



[0022] As shown in Table 3, there is an inclination for coercive force 
Hcj to decrease, with the rise of sintering temperature. Although sample 
No. 5^7 are the same Dy ratio and R ratio, coercive force Hcj decreases 
with 2062kA [ m ] (sample No. 5) /, 2013 kA/m (sample No. 6), and 1984 
kA/m (sample No. 7) as sintering temperature rises with 1070 degrees C 
(sample No. 5), 1090 degrees C (sample No. 6), and 1110 degrees C (sample 
No. 7). This inclination is the same also about sample No. 8-10, sample 
No. 11-13, and the examples 5-7 of a comparison. On the other hand, as 
shown in Table 3 and drawing 2 , a residual magnetic flux density Br 
tends to improve with the rise of sintering temperature. That is, in 
sample No. 11-13 ( drawing 2 curve (c)) 0.738 and whose R ratio Dy ratio 
is 0.974, if sintering temperature becomes 1110 degrees C (sample No. 13) 
from 1070 degrees C (sample No. 11), a residual magnetic flux density Br 
will improve from 1. 233T to 1. 242T. 

[0023] Next, the comparison with sample No. 5-7 (the Dy ratio 0. 396, R 
ratio 0. 971) and the examples 5-7 (the Dy ratio 1. 0, R ratio 1. 0) of a 
comparison is performed. As shown in drawing 2 , when sintering 
temperature is 1070 degrees C, the residual magnetic flux density Br 
with the example 5 (curve (d)) of a comparison higher than sample No. 5 
(curve (a)) is shown. However, if sintering temperature becomes 1110 
degrees C, the residual magnetic flux density Br of sample No. 7 (curve 
(a)) will improve to 1. 227T to the residual magnetic flux density Br of 
the example 7 (curve (d)) of a comparison being 1. 216T. That is, even if 
it will raise sintering temperature if Dy ratio becomes 1. 0 or more so 
that clearly from drawing 2 , it can be said that it is difficult to 
obtain the residual magnetic flux density Br beyond L 22T. 
[0024] Moreover, it attracts attention that sample No. 8-10 (curve (b)) 
whose Dy ratio is 0.641 and whose R ratio is 0.973, and Dy ratio all 



L 



show the outstanding residual magnetic flux density Br beyond 1. 23T 
about 0.738 and sample No. 11-13 (curve (c)) whose R ratio is 0.974. 
Since R ratio of sample No. 8-10 is 0.973 and R ratio of sample No. 11-13 
is 0.974 here, both R ratio is almost equal. However, if drawing 2 is 
seen, since sample No. 8-10 (Dy ratio 0.641) shown with a curve (b) is 
stabilized rather than sample No. 11-13 (Dy ratio 0.738) shown with a 
curve (c) and the high residual magnetic flux density Br is shown, the 
effect the direction of Dy ratio affects a residual magnetic flux 
density Br is larger than R ratio. The above result showed that the good 
residual magnetic flux density Br beyond 1. 22T could be obtained that 
there is an inclination for a residual magnetic flux density Br to 
improve in connection with sintering temperature, and by making Dy ratio 
about into 0. 38 to 0. 99. 

[0025] (Example 3) According to examples 1 and 2, it became clear by 
setting Dy ratio to 0.38 to 0.99, and setting R ratio to 0.94-0.99 that 
good coercive force Hcj and a good residual magnetic flux density Br can 
be obtained. The experiment which checks how Dy ratio and R ratio should 
be combined in order to obtain the desirable combination Hcj of Dy ratio 
and R ratio, i. e. , good coercive force, and a residual magnetic flux 
density Br and which was conducted for accumulating is explained as an 
example 3. X alloy and the Y alloy were adjusted on the same conditions 
as an example 1, and grinding, mixing, and shaping among a magnetic 
field were performed. After sintering the Plastic solid after shaping 
among a magnetic field at 1090 degrees C and 1110 degrees C for 4 hours, 
respectively, two-step aging processing was performed on the same 
conditions as an example 1, and sample No. 14-18 and the examples 8 and 9 
of a comparison were acquired. The presentation of the compounding ratio 
of the presentation of X alloy powder and Y alloy powder, X alloy powder, 
and Y alloy powder and the magnet after sintering is as being shown in 
Table 4. Coercive force Hcj and a residual magnetic flux density Br were 
measured with the B-H marker on the same conditions as an example 1 
about sample No. 14-18 and the examples 8 and 9 of a comparison. The 
result is shown in Table 5. In addition, sample No. 1-13 obtained in the 
examples 1 and 2, Dy ratio of the examples 1-7 of a comparison, R ratio, 
coercive force Hcj, and a residual magnetic flux density Br are also 
shown in Table 5 for comparative facilities. Hereafter, examination 
about the desirable combination of Dy ratio and R ratio is performed 
using sample No. 1-18 and the examples 1-9 of a comparison. In addition, 
coercive force Hcj shows in IBOOkA [ m ] /or more among sample No. 1-18 
and the examples 1-9 of a comparison, and a residual magnetic flux 
density Br shows the thing beyond 1. 16T (it corresponds [ all of except 



for sample No. 5, and the example 1 of a comparison - 3 ]) to drawing 3 . 

[0026] 
[Table 4] 



No. 




X^^/Y^^ 


Nd 


Dy 


Fo 


Co 


Cu 


Al 


Sn 


Ga 


B 


Dylt 


nit 


14.15 




93.2:6.8 


26.41 
14.55 
25.596 


3.54 
42.21 
6.194 


6&86 
32.46 
66.381 


7.2 
0.494 


1.07 
0.073 


0.12 
0,17 
0.123 


2.34 
0.161 




1.05 
0,978 


0.572 


0.942 


18, 17 




G3.2:6.B 


26.21 
14^9 
25.392 


4.64 
29.23 
6.326 


67.91 
45.57 
66.375 


7.34 
0.504 


1,09 
0.075 


0.17 
0.14 
0.168 


2.34 
0.161 




1.07 
0.997 


0.733 


0.973 


18 




95:5 


26.87 
26.527 


3.85 
47.5 
6.033 


68.05 
37.72 
66.531 


9,97 
0,484 


1.54 
0.077 


0.2 
0.31 
0.206 




3.26 
0.163 


1.03 
0.979 


0638 


0.973 




x^* 


82.4:17.6 


29.79 

4JSZ 
25.332 


3S.45 
6.256 


68.85 
56.03 
66.588 


2.8 
0.404 


0.42 
0.074 


0.15 
0.14 
0.148 


0.63 
0.111 




1.21 
0J9S 


0.000 


0.943 



[0027] 
[Table 5] 



No. 




Rit 


Hcj 
(kA/m) 


Br(T) 


CO 


1 


0.517 


0.974 


I OHO 


1 9Qf1 


1070 


2 


0.396 


0.971 




1 997 


1110 


3 


0.697 


0.975 




1 9in 


1070 


4 


0.795 


0.979 


1 Ov£ 


1 '?49 


1070 


5 


0.396 


0.971 




1 147 
1.14/ 


1070 


6 


£.\3 1 0 




1090 


7 


1 sot 


1 997 


1110 


e 


0.641 


0.973 




I. Zoo 


1070 


9 ■ 


IQQfx 


1 oto- 
1 JcoSI 


1090 


10 


107Q 




1110 


11 


0.738 


0.974 




I.ZOO 


1070 


12 






1090 


13 


1 oo/ 




1110 


14 


0.572 


0.942 


1 930 


1 901 


1090 


15 


1932 


1.243 


1100 


16 


0.733 


0.973 




1 9*30 


1090 


17 


1Q7R 


1 9d1 


1100 


18 


0.638 


0.973 




1 9fiO 


1090 




0.324 


0.8B8 




1 9nn 


1110 




1.022 


0.985 


^ 1 U 1 




1070 




1.087 


1.052 


1680 


1.321 


1110 




1.057 


1.051 


1930 


1.169 


1110 




1.000 


1.000 


2090 


1.203 


1070 




2069 


1.213 


1090 


immi 


1998 


1.218 


1110 




0.000 


0.943 


1929 


1.169 


1090 




1892 


1.230 


1110 



[0028] When drawing 3 is seen, it turns out that coercive force Hcj does 
not exist and, as for the example of a comparison beyond 1. 22T, 1900 or 
more kA/m of residual magnetic flux densities Br does not exist. On the 
other hand, each of sample No. 2, and 7-18 shows the coercive force Hcj 
of 1900 or more kA/m, and the residual magnetic flux density Br beyond 
1. 22T. About sample No. 8-13, and 16-18, it especially attracts attention 
that the coercive force Hcj of 1950 or more kA/m and the residual 
magnetic flux density Br beyond 1. 23T are shown, if its attention is 
paid to Dy ratio and R ratio of sample No. 8-13, and 16-18 here — sample 
No. 8-10 — the Dy ratio 0.641, the R ratio 0.973, and sample No. 11-13 ~ 
the Dy ratio 0.738, the R ratio 0.974, and sample No. — 16 and 17 
become the Dy ratio 0. 733 and the R ratio 0. 973, and sample No. 18 have 
become the Dy ratio 0. 638 and the R ratio 0. 973. It can be said that the 
coercive force Hcj and the residual magnetic flux density Br which were 
excellent in Dy ratio 0.5 to 0.99, further 0.6 to 0.9, and by being more 




preferably referred to as 0. 6-0. 8, and setting R ratio to 0. 94-0. 99 at 
0.8 to 0.99 and a pan can be obtained from this inclination. 
[0029] Next, the coercive force Hcj and the residual magnetic flux 
density Br of sample No. 6, 9, 12, 14, 16 and 18, and the examples 6 and 
8 of a comparison whose sintering temperature is 1090 degrees C are 
shown in drawing 4 . As shown in drawing 4 , coercive force Hcj and a 
residual magnetic flux density Br excellent in especially sample No. 9, 
and 12, 16 and 18 are shown, and the value of about 2000 or more kA/m 
has been acquired about coercive force Hcj, And it attracts attention 
that each of sample No. 9, and 12, 16 and 18 shows the residual magnetic 
flux density Br beyond 1. 23T, maintaining this good coercive force Hcj. 
Next, the comparison of sample No. 18 and sample No. 9 is performed. In 
drawing 4, sample No. 18 are located in the upper right of sample No. 9, 
and have obtained coercive force Hcj and a residual magnetic flux 
density Br with sample No. 18 [ higher than sample No. 9 ]. 0.638 and R 
ratio of 0. 973, and both Dy ratio and R ratio are [ 0. 973 and Dy ratio 
of sample No. 9/0. 641 and R ratio ] however, almost equal [ Dy ratio of 
sample No. 18 ], as shown in Table 5. Here, when Tables 2 and 4 are seen, 
sample No. 9 contain Sn to sample No. 18 containing Ga, without including 
Ga. Since other presentations of sample No. 18 and sample No. 9 are almost 
equal, when Ga is chosen as M, it can be said that it is effective when 
raising coercive force Hcj and a residual magnetic flux density Br. 
[0030] 

[Effect of the Invention] As explained in full detail above, according 
to this invention, the manufacture approach of a rare earth permanent 
magnet that both coercive force and a residual magnetic flux density 
were excellent can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the graph which shows the relation between Dy ratio of 
sample No. 1-3 and the examples 1 and 2 of a comparison, and a residual 
magnetic flux density Br. 

[Drawing 2] It is the graph which shows the relation between the 
sintering temperature of sample No. 5-13 and the examples 5-7 of a 
comparison, and a residual magnetic flux density Br. 
[Drawing 3] It is the graph which shows the coercive force Hcj and the 
residual magnetic flux density Br of sample No. 1-4, 6-18, and the 
examples 4-9 of a comparison. 

[Drawing 4] Sintering temperature is the graph which shows the coercive 
force Hcj and the residual magnetic flux density Br of sample No. 6, 9, 
12, 14, 16 and 18, and the examples 6 and 8 of a comparison which are 
1090 degrees C. 
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